Human infection due to Bacillus pumilus is exceptional. We report 3 cases of cutaneous infection caused by B. pumilus that occurred in 3 shepherds, 2 of whom were members of the same family. The lesions appeared to have a morphology similar to that of cutaneous anthrax lesions. Two patients were cured after treatment with amoxicillin-clavulanate, and the third patient was cured after prolonged treatment with ciprofloxacin. To our knowledge, primary cutaneous infection due to B. pumilus has not been reported. B. pumilus should be considered in patients who develop lesions suggestive of cutaneous anthrax.
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Patients and methods. We reviewed data for 3 patients with cutaneous lesions suggestive of anthrax who were admitted to the University Hospital of Guadalajara, Spain, during the period November 1996 through May 2006. Culture of skin specimens on a blood agar plate after 24 h of incubation at 37ЊC in 5% CO 2 yielded sporulated gram-positive bacilli. The organisms were able to grow in an aerobic atmosphere but not in an anaerobic atmosphere; in addition, they were motile, b-hemolytic on blood agar, positive for catalase, and susceptible to penicillin. Initial identification of Bacillus species was made. The strains isolated from the first 2 patients (who were members of the same family) were sent to the US Centers for Disease Control and Prevention (Atlanta, GA) for species identification. Both isolates were identified as B. pumilus by a battery of conventional biochemicals and the MicroStation System, version 3.7 (Biolog). Both isolates had ellipsoid centrally located spores and were found to be positive for casein, citrate, esculin, and the Voges-Proskauer reaction and negative for tyrosine, nitrate, starch, and lecithinase. In addition, the isolates produced acid but no gas from glucose and also produced acid from mannitol and sucrose. The isolates did not produce acid from lactose, maltose, or xylose. The strain isolated from the third patient was sent to the National Center of Microbiology (Majadahonda, Spain) for species identification. The isolate was also identified as B. pumilus, using API 50CHB and API 20E systems (bioMérieux). The result was confirmed by means of 16s rDNA sequence analysis (1362 bp obtained by PCR amplification by a previously reported method [3] ), which showed a 99% of probability of being B. pumilus.
Case reports. In November 1996, patient 1, a 63-year-old, previously healthy shepherd, was admitted to the hospital with a 24-h history of erythema and edema of the right fourth finger with a painful serohemorrhagic blister. He had been in close contact with sheep, but there was no history of trauma. On admission, the patient was afebrile and without other systemic symptoms. Chest radiography yielded normal results. An early stage of cutaneous anthrax was suspected on the basis of the occupational history and clinical appearance. Culture of the drainage fluid taken from the blister yielded a pure growth of B. pumilus. The patient was treated with oral amoxicillinclavulanate (500 mg every 8 h) for 10 days, and the lesion was completely cured. [7] . +, Present; Ϫ, absent.
Patient 2, the 27-year-old son of patient 1, presented to the hospital on the same day with a localized skin ulceration associated with necrosis of the right first finger surrounded by erythema and edema. One day previously, he had developed a painful serohemorrhagic blister. The patient was a shepherd who had been in contact with sheep, and he did not recall any trauma. On admission, the patient was afebrile, and chest radiography yielded normal findings. An initial diagnosis of cutaneous anthrax was made on the basis of the history of contact with sheep and the characteristic clinical features. Culture of a sample obtained from the patient's skin ulceration yielded a pure growth of B. pumilus. Treatment with oral amoxicillinclavulanate (500 mg every 8 h) was initiated, and the lesion resolved as a result of continuous antibiotic therapy for 10 days.
In May 2006, patient 3, a 50-year-old, previously healthy shepherd, presented with a 3-day history of fever, arthralgia, and a painful black eschar with vesicles surrounded by prominent edema and erythema on the dorsal surface of the left third finger. The lesion appeared initially as a painful vesicle and had progressively increased in size. The patient had been in contact with sheep but did not recall any trauma. On admission, she had a low-grade fever (temperature, 38ЊC) and no other systemic symptoms. An initial diagnosis of cutaneous anthrax was made. The lesion suppurated spontaneously, and examination of Gram-stained smears of the drainage fluid revealed gram-positive rods. Culture of the drainage fluid yielded a pure growth of B. pumilus. She was treated with oral ciprofloxacin (750 mg every 12 h) and became afebrile after 48 h. The lesion evolved to form an ulcer and was cured as a result of antibiotic treatment for 30 days.
Discussion. B. pumilus is commonly isolated from a variety of environmental sources, particularly feces of animals [4] . The isolation of B. pumilus from human specimens may represent contamination, although the organism has been associated with bacteremia in patients with cancer [5, 6] . The organism must be differentiated from B. anthracis. Microbiological and clinical characteristics of both species are shown in table 1 [7] . Colonial morphology, motility of bacilli, hemolysis on blood agar, growth in anaerobic atmosphere, starch hydrolysis, lecithinase, nitrate reduction, and acid formation from glycerol, glycogen, and mannitol can be used to differentiate B. pumilus from B. anthracis. Typically, B. pumilus grows as a smooth colony that becomes yellow with increased incubation; the organism is motile, b-hemolytic on blood agar, catalase positive, salt tolerant, and penicillin susceptible and does not grow under strict anaerobic conditions [7] .
We report 3 cases of cutaneous infection caused by B. pumilus. Initially, cutaneous anthrax was suspected in all cases on the basis of the occupational history and clinical appearance. Cutaneous anthrax is the most frequent infection caused by B.
anthracis. The disease begins at an early stage with a painless, pruritic papule that appears at the site of inoculation. Several days later, the papule progresses to a vesicle and then erodes to a highly characteristic necrotic ulcer with a black central eschar and edema around the lesion [1] . Primary cutaneous infection due to Bacillus species other than B. anthracis is exceptional, and only Bacillus cereus has been associated with this infection, usually in patients with neutropenia [8, 9] . Primary cutaneous disease attributed to B. cereus in immunocompetent persons rarely has been reported [10] . Cutaneous B. cereus infection is clinically similar to cutaneous anthrax, and most of the cases occur in exposed skin areas on the hands and feet, because they are often in contact with environmental spores and are prone to minor injury [8] . Recently, an outbreak of cutaneous B. cereus infections among cadets in a university military program was described [11] .
In our cases, the 3 infections were clinically similar to cutaneous anthrax. There was no history of injuries or traumas, but it is possible that spores invaded the dermis through microscopic epidermal defects. The likelihood that the isolates were the cause of the illness is very high, because all patients were shepherds exposed to the same occupational factors, the lesions were similar, and B. pumilus was the only isolated organism. In addition, 2 patients were members of the same family, and both developed the infection at the same time. However, the possibility of colonization of their skin with Bacillus spores cannot be excluded with absolute certainty. With the emergence of B. anthracis as an agent of bioterrorism, it is important to know that other organisms, including other Bacillus species, can cause lesions similar to those of cutaneous anthrax.
B. pumilus has toxic properties; it has cytopathic effects in Vero cells, hemolytic activity, lecithinase production, and proteolytic action on casein [12] . The organism produces a toxin that has been detected in guinea pigs with experimentally induced enterocolitis associated with clindamycin [4] . Recently, From et al. [13] detected an emetic toxin that can be related to food poisoning incidents. Moreover, B. pumilus produces a dermatonecrotic factor that can develop a lesion similar to that produced by B. cereus when injected into the backs of guinea pigs [4, 14] . It is possible that these toxic properties can be related to the development of skin lesions when the spores invade the dermis. However, additional studies should be performed to determine the relationship between B. pumilus toxins and other microbial toxins, including the exotoxins of B. anthracis.
In conclusion, B. pumilus should be considered in patients who develop lesions suspected of being cutaneous anthrax. Isolation of B. pumilus from these lesions should not be interpreted as contamination of the culture.
